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ABSTRACT 
 
Heavy metals are chemical elements with a specific gravity that is at least five times the 
specific gravity of water. The specific gravity is a measure of density of a given amount 
of a solid substance when it is being compared to an equal amount of water.  Heavy 
metals are closely connected with environmental deterioration and the quality of human 
life, and thus have aroused concern all over the world. Heavy metals may enter the 
human body through food, water, air, or absorption through the skin when they come in 
contact with humans in agriculture and in manufacturing, pharmaceutical, industrial, or 
residential settings. Metal toxicity unlike some organic substances, are not 
metabolically degradable and their accumulation in living tissues can cause death or 
serious health threats. However, heavy metals deposition in water and sediment in 
Balok and Tunggak River is not well documented, and scientific evidence is very 
limited. The research proposed to assessment of heavy metals deposition in water and 
sediment in Balok and Tunggak River, Kuantan, Malaysia. Samples were collected 
every month from November 2010 to November 2012 and analyses for the regional 
variability for the concentrations of Al, As, Cr, Cd, Ch, Fe, Mn, Ni, Pb and Zn were 
done using ICP-MS. Rotary milling in agate mortar and microwave digestion (MDG) 
procedure was performed for the dissolution of the sediment samples before the 
determination of heavy metals. The presence of heavy metal has proven to influence 
human activity, mainly from chemical industry, chipboard industry, domestic waste 
disposal, etc.; they deteriorate since water quality of Balok and Tunggak River. 
Pearson's correlation between elements in water and sediment showed weak correlation 
due to the changing of the river flow rate every ±six hours. Principal Component 
Analysis (PCA) and Enrichment Factor (EF) had proven that sources of a pollutant were 
dominated by anthropogenic activity (industry and domestic waste) more than natural 
activity. The Contamination factor (Cf) proved that water column in Balok River and 
Tunggak River have been contaminated by Al, Cr, Mn, Fe, Ni, Cu, Zn, As, Cd, and Pb, 
which are probably influenced by anthropogenic activity, contamination by 
sedimentation, and natural source. Therefore, heavy metal pollution monitoring in 
Balok River and Tunggak River are needed in order to provide baseline data, which can 
be used by local authorities for environmental management, especially to improve river 
watermquality.  
 
 
 
 
 
 
 
 
  
 
 
 
ABSTRAK 
 
Logam berat adalah bahan unsur-unsur kimia dengan graviti khusus yang sekurang-
kurangnya 5 kali graviti tentu air. Graviti tentu adalah ukuran jumlah ketumpatan 
amaun yang diberikan bahan pepejal apabila dibanding dengan jumlah air yang sama 
rata air. Logam berat adalah berkait rapat dengan kemerosotan alam sekitar dan kualiti 
kehidupan manusia, dan dengan itu telah membangkitkan kebimbangan di seluruh 
dunia. Logam berat boleh memasuki tubuh manusia melalui makanan, air, udara, atau 
penyerapan melalui kulit apabila mereka bersentuhan dengan manusia dalam sektor 
pertanian dan pembuatan, farmaseutikal, industri, atau kedudukan kediaman. 
Ketoksikan logam tidak seperti beberapa bahan-bahan organik, adalah tidak terurai dan 
pengumpulan ia dalam tisu hidup boleh menyebabkan ancaman kematian atau masalah 
kesihatan yang serius. Walau bagaimanapun, pemendapan logam berat di dalam air dan 
sedimen di Sungai Balok dan Tunggak tidak direkodkan dengan baik, dan bukti saintifik 
adalah sangat terhad. Penyelidikan yang dicadangkan penilaian pemendapan logam 
berat di atas air dan sedimen di Sungai Balok dan Tunggak, Kuantan, Malaysia. Sampel 
dikumpulkan setiap bulan dari November 2010 hingga November 2012 dan analisis 
untuk kebolehubahan serantau untuk kepekatan Al, As, Cr, Cd, Ch, Fe, Mn, Ni, Pb dan 
Zn dengan menggunakan ICP-MS. Pengilangan Rotary di dalam proses mortar batu 
akik dan gelombang mikro penghadaman (MDG) prosedur telah dilakukan untuk 
pembubaran sampel sedimen sebelum penentuan logam berat. Turut hadir logam berat 
telah terbukti boleh mempengaruhi aktiviti manusia, terutamanya dari industri kimia, 
industri papan chip, pelupusan sisa domestik, dan lain-lain, mereka memberi 
menurunkan kualiti air Sungai Balok dan Tunggak. Korelasi Pearson antara element-
element di dalam air dan sedimen menunjukkan korelasi yang lemah disebabkan oleh 
perubahan kadar aliran sungai setiap ±6 jam sekali. Analisis Komponen Utama (PCA) 
dan Faktor Pengayaan telah membuktikan bahawa sumber bahan pencemar telah 
dikuasai oleh aktiviti antropogenik (industri dan sisa domestik) lebih daripada aktiviti 
semulajadi. Faktor Geoaccumulation telah membuktikan bahawa lokasi pensampelan di 
Sungai Balok adalah dari kategori untuk tidak tercemar sangat pencemar manakala 
tapak pensampelan di Sungai Tunggak termasuk kategori yang tidak tercemar ke 
sederhana tercemar. Faktor pencemaran dan tahap pencemaran telah membuktikan 
bahawa turus air di Sungai Balok dan Tunggak Sungai telah tercemar dicemari oleh Al, 
Cr, Mn, Fe, Ni, Cu, Zn, As, Cd dan Pb yang mungkin dipengaruh oleh aktiviti 
antropogenik, pencemaran oleh pemendapan, dan sumber semula jadi. Oleh itu, 
pemantauan pencemaran logam berat di Sungai Balok dan Tunggak Sungai diperlukan 
untuk menyediakan data asas yang boleh digunakan oleh pihak berkuasa tempatan bagi 
pengurusan alam sekitar pencemaran alam sekitar terutama untuk memperbaiki kualiti 
air sungai 
  
 
 
  
  TABLE OF CONTENT 
                                                                                                                                 Page 
SUPERVISOR DECLARATION       iv 
STUDENT DECLARATION       v 
DEDICATION         vi 
ACKNOWLEDGEMENTS        vii 
ABSTRACT          viii 
ABSTRAK          ix 
TABLE OF CONTENT        x 
LIST OF TABLES         xiv 
LIST OF FIGURES         xvi 
LIST OF SYMBOL/ ABBREVIATIONS      xxv 
 
CHAPTER 1  INTRODUCTION 
 
1.1 Background         1 
1.2 Problem Statement        2 
1.3 Objectives of the Research       3 
 
CHAPTER 2  LITERATURE REVIEW 
 
2.1 Heavy Metal         4 
2.2 The Characteristic of Heavy Metal      5 
2.2.1 Aluminum        5 
2.2.2 Chromium        6 
2.2.3 Mangan        8 
2.2.4 Ferrum        9 
2.2.5 Nickel        10 
2.2.6 Copper        12 
2.2.7 Zinc         13 
2.2.8 Arsenic        14 
2.2.9 Cadmium        15 
2.2.10 Plumbum (Pb)       18 
  
2.3 Toxicity of Heavy Metal       19 
2.4 The occurrence of heavy metal in surface water    21 
2.5 The accumulated of heavy metal in surface sediment   24 
2.6 Study Area         27 
2.7 Multivariate Analysis        28 
  
CHAPTER 3  MATERIALS AND METHODS 
 
3.1 Introduction          40 
3.2 Selection of Monitoring Stations      40 
3.2.1 Location of sampling station at Balok River    42 
3.2.2 Location of sampling station at Tunggak River   45 
3.3 Materials          47 
3.3.1 Equipment and Instrument      47 
3.3.2 Reagent and Chemical      48 
3.4 Methods          49 
3.4.1 Sampling frequency       49 
3.4.2 Parameter Measurement      50 
3.4.3 Preparation of Water samples      50 
3.4.4 Preparation of Sediment samples      51 
3.5 Analysis of heavy metal  by ICP-MS                           52
 3.5.1 Sample Preparation for Mineral Analysis               52 
 3.5.2 ICP-MS Operating Condition                 53 
3.6 Analysis Statistic                   54
  
CHAPTER 4  RESULT AND DISCUSSION 
 
4.1 Introduction         56 
4.2 Water Quality Parameters for  Balok River     56 
4.2.1 Chemical Oxygent Demand      57 
4.2.2 Biological Oxygen Demand      58 
4.2.3 Dissolved Oxygen       59 
4.2.4 Ammoniac Nitrogent       60 
  
4.2.5 Suspended Solid       61 
4.2.6 pH         62 
4.2.7 Water Quality Index (WQI)      63 
   4.3 Heavy Metal concentrations in water and sediment  
            in Balok River                    65 
   4.4 Heavy Metal concentrations in water and sediment  
of three sampling stations of Balok River      77 
   4.5 Relationship element in Location 1       99 
   4.6 Relationship element in Location 2       103 
   4.7 Relationship element in Location 3       107 
   4.8 Principal Component Analysis (PCA) on sediment in location 1   111 
   4.9 Principal Component Analysis (PCA) on water in location 1   114 
   4.10 Principal Component Analysis (PCA) on sediment in location 2   116 
   4.11 Principal Component Analysis (PCA) on water in location 2   118 
   4.12 Principal Component Analysis (PCA) on sediment in location 3   120 
   4.13 Principal Component Analysis (PCA) on water in location 3   122 
   4.14 Quantification of stream sediments pollution Balok River    124 
   4.15 Water Quality Parameters Analysis for Tunggak River    131 
   4.16 Principal Component Analysis (PCA) on water in location 3   122 
   4.17 Heavy Metal concentrations in water and sediment  
            in Balok River          151 
   4.18 Relationship element in Location 1       174 
   4.19 Relationship element in Location 2       178 
   4.20 Relationship element in Location 3       180 
   4.21 Principal Component Analysis (PCA) on sediment in location 1   183 
   4.22 Principal Component Analysis (PCA) on water in location 1   186 
   4.23 Principal Component Analysis (PCA) on sediment in location 2   188 
   4.24 Principal Component Analysis (PCA) on water in location 2   190 
   4.25 Principal Component Analysis (PCA) on sediment in location 3   192 
   4.26 Principal Component Analysis (PCA) on water in location 3   194 
   4.27 Quantification of stream sediments pollution Tunggak River   124 
 
   
  
  CHAPTER 5 CONCLUSION AND RECOMMENDATION 
 
5.1 Introduction         203 
5.2 Conclusion         203 
5.3 Recommendation        206 
5.4 Future Research        206 
 
REFERENCES                     207 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
 
 
 
 
  
APPENDICES 
  
APPENDIX A-1. The average of heavy metals concentrations  
    in sediment Balok River (ppm) of three sampling points  233 
 
APPENDIX A-2.  The average of heavy metals concentrations in sediment  
       Balok River (ppm) during November 2010 until July 2011   234 
 
APPENDIX A-3.  The average of heavy metals concentrations in water  
       Balok River  (ppm) of three sampling points    235 
APPENDIX A-4.  The average of heavy metals concentrations in water  
       Balok River (ppm) during November 2010 until July 2011   236 
 
APPENDIX A-5.   ONE-WAY ANOVA of heavy metals concentrations  
        in sediment of three sampling Balok River     239 
 
APPENDIX A-6.   ONE-WAY ANOVA of heavy metals concentrations in  
sediment Balok River during November 2010 until July 2011   240 
 
APPENDIX A-7.   ONE-WAY ANOVA of heavy metals concentrations  
        in water Balok River for three sampling points      241 
 
APPENDIX A-8.    ONE-WAY ANOVA of heavy metals concentrations  
      in water Balok River during November 2010 until July 2011  242 
 
APPENDIX A-9.   The average of heavy metals concentrations in sediment  
       of three samplings stations Tunggak River      243 
 
APPENDIX A-10.  The average of heavy metals concentrations in sediment  
        Tunggak River (ppm) during November 2010 until July 2011    244 
 
APPENDIX A-11. The average of heavy metals concentrations in water  
        Tunggak River (ppm) of three sampling points      245 
 
APPENDIX A-12. The average of heavy metals concentrations in water  
               Tunggak River (ppm) during November 2010 until July 2011      247 
 
APPENDIX A-13. ONE-WAY ANOVA of heavy metals concentrations  
in sediment of three sampling Tunggak River      249 
 
APPENDIX A-14. ONE-WAY ANOVA of heavy metals concentrations in sediment 
Tunggak River during November 2010 until July 2011     250 
 
APPENDIX A-15. ONE-WAY ANOVA of heavy metals concentrations in water  
Tunggak River for three sampling points      251 
 
 
  
APPENDIX A-16. ONE-WAY ANOVA of heavy metals concentrations in water 
Tunggak River during November 2010 until July 2011  252 
 
APPENDIX A-17 INTERM NATIONAL WATER QUALITY STANDARDS  
FOR MALAYSIA (INWQS)     253 
 
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
LIST OF TABLES 
 
   Table No.                                Title                                                                     Page 
 
  2.1 World average shale concentrations (ppm)  
by (Turekian and Wedepohl, 1961) of monitored elements   35 
  2.2 Classification of enrichment factor (Losca and Wiechuya, 2003)  35 
  2.3 Guidelines for drinking water quality                 36 
2.4 CF and PLI values with their pollution grade and intensitas   37 
3.1 Sampling Location        41 
3.2 List of parameters analysed       50 
3.3 Operating conditions for ICP-MS      53 
4.1 Result of six water quality parameters      57 
4.2 Status of River Pollution on Water Quality Index (WQI)  
     and Sub Index  for Balok River           64 
4.3 Average of heavy metals in sediment for three samplings sites in  
            Balok River during November 2010, March 2011 and July 2011             75 
4.4 Trend of heavy metals in sediment for three samplings sites in  
            Balok River during November 2010, March 2011 and July 2011            76 
4.5 Average of heavy metals in water for three samplings sites in  
Balok River during November 2010, March 2011 and July 2011  76 
4.6 Average of heavy metals in water for three samplings sites in  
Balok River during November 2010, March 2011 and July 2011  76 
4.7 Correlation matrix of level of heavy metals  
in sediment and water samples location 1 Balok River   100 
4.8 Pairs of correlation element in sediment sample    101 
4.9 Pairs of correlation element in water sample     101 
  4.10 Pearson‘s correlation element in water-sediment in location 1  102 
4.11 Correlation matrix of level of heavy metals  
in sediment and water samples location 2 Balok River   104 
4.12 Pairs of correlation element in sediment sample    105 
4.13 Pairs of correlation element in water sample     106 
 
  
4.14 Pearsons‘ correlation of element in water-sediment location 2  107 
4.15 Correlation matrix of level of heavy metals  
  in sediment and water samples location 3 Balok River   108 
4.16 Pairs of correlation element in sediment sample    109 
4.17 Pairs of correlation element in water sample     110 
4.18 Pearsons‘ correlation of element in water-sediment location 3              111 
4.19 Matrix of the principal component analysis loading of metals  
 and major elements of river sediments in location 1 Balok River  112 
4.20 Matrix of the principal component analysis loading of metals  
 and major elements of river water in location 1 Balok River  114 
4.21 Matrix of the principal component analysis loading of metals  
 and major elements of river sediment in location 2 Balok River  116 
4.22 Matrix of the principal component analysis loading of metals  
 and major elements of river water in location 2 Balok River  118 
4.23 Matrix of the principal component analysis loading of metals  
 and major elements of river sediment in location 3 Balok River  121 
4.24 Matrix of the principal component analysis loading of metals  
 and major elements of river water in location 3 Balok River  122 
4.25 Enrichment Factors for stream sediments of study area   124 
4.26 Contamination Factor and Pollution Load Index  
of stream sediment        126 
4.27 Contamination Factor and Pollution Load Index of stream water  129 
4.28 Result of six water quality parameters     131 
4.29 Status of River Pollution on Water Quality Index (WQI)  
      and Sub Index  for Balok River       138 
4.30 Trend of heavy metals in water for three samplings sites in  
Tunggal River during November 2010, March 2011 and July 2011  149 
4.31 Average of heavy metals in sediment for three samplings sites  
in Tunggak River during November 2010, March 2011 and July 2011 149 
4.32 Trend of heavy metals in water for three samplings sites 
 in Tunggak River during November 2010, March 2011 and July 2011 150 
  4.33 Average of heavy metals in sediment for three samplings sites in  
Tunggak River during November 2010, March 2011 and July 2011  150 
  
 
4.34 Correlation matrix of level of heavy metals  
in sediment and water samples location 1 Tunggak River   175 
4.35 Pairs of correlation element in sediment sample    176 
4.36 Pairs of correlation element in water sample     176 
4.37 Pearson‘s correlation element in water-sediment in location 1  177 
4.38 Correlation matrix of level of heavy metals  
in sediment and water samples location 2 Tunggak River   178 
4.39 Pairs of correlation element in sediment sample    179 
4.40 Pairs of correlation element in water sample     179 
4.41 Pearsons‘ correlation of element in water-sediment location 2  180 
4.42 Correlation matrix of level of heavy metals  
in sediment and water samples location 3 Tunggak River   181 
4.43 Pairs of correlation element in sediment sample    181 
4.44 Pairs of correlation element in water sample     182 
4.45 Pearsons‘ correlation of element in water-sediment location 3  183 
4.46 Matrix of the principal component analysis loading of metals and  
major elements of river sediments in location 1 Tunggak River  185 
4.47 Matrix of the principal component analysis loading of metals  
and major elements of river water  in location 1 Tunggakk River  186 
4.48 Matrix of the principal component analysis loading of metals  
and major elements of river sediment  in location 2 Balok River  189 
4.49 Matrix of the principal component analysis loading of metals  
and major elements of river water  in location 2 Balok River  191 
4.50 Matrix of the principal component analysis loading of metals  
and major elements of river sediment  in location 3 Balok River  193 
4.51 Matrix of the principal component analysis loading of metals  
and major elements of river water  in location 3 Balok River  194 
4.52 Enrichment Factors for stream sediments of study area   196 
4.53 Contamination Factor and Pollution Load Index  
of stream sediment        197 
4.54 Contamination Factor and Pollution Load Index of stream water  200 
  
  
  
LIST OF FIGURES 
 
Figure No.                                      Title                                                             Page 
2.1 Mapping of Location study      28 
3.1 Land use mapping in Study Area      41 
3.2. Location 1 in Balok River      42 
3.3. Location 2 in Balok River      43 
3.4. Location 3 in Balok River      44 
3.5. Location 1 in Tunggak River      45 
3.6. Location 2 in Tunggak River      46 
3.7 Location 3 in Tunggak River      47 
3.8a Ponar Graph Sampler       48 
3.8b Horizontal water sampler      48 
3.9 Inductively Coupled Plasma – Mass Spectrometer (ICPMS) 53 
3.10a Sample Vessel                  53 
3.10b Microwave digester equipment     53 
3.11 Scheme of Methodology Research     55 
4.1 The average chemical oxigent demand values for 3 sampling 
 point along of the Balok River     58 
4.2 The average biological oxigent demand values for 3 sampling  
point along of the Balok River     59 
4.3 The average dissolved oxygen values for 3 sampling point  
along of the Balok River      60 
       4.4 The average Amoniac Nitrogen values for 3 sampling point  
along of the Balok River      61 
4.5 The average Suspended Solid values for 3 sampling point  
along of the Balok River      62 
4.6 The average pH values for 3 sampling point  
along of the Balok River      63 
       4.7  Water Quality Index of sampling site of Balok River performace 64 
 
 
  
4.8 Average aluminum values for 3 sampling points  
of the Balok River systems      66 
4.9 Average Chromium values for 3 sampling points  
of the Balok River systems      67 
4.10 Average Manganese values for 3 sampling points  
of the Balok River systems      68 
4.11 Average Chromium values for 3 sampling points  
of the Balok River systems      69 
4.12 Average Nickel values for 3 sampling points  
of the Balok River systems      70 
4.13 Average Copper values for 3 sampling points  
of the Balok River systems      71 
4.14 Average Chromium values for 3 sampling points  
of the Balok River systems      72 
4.15 Average Arsenic values for 3 sampling points  
of the Balok River systems      73 
4.16 Average Cadmium values for 3 sampling points  
of the Balok River systems      74 
4.17 Average Plumbum values for 3 sampling points  
of the Balok River systems      75 
4.18 Al concentrations in sediment of three sampling stations of  
Balok River during November 2010 until July 2011   78 
4.19 Al concentrations in water of three sampling stations of  
Balok River during November 2010 until July 2012   79 
4.20 Cr concentrations in sediment of three sampling stations of  
Balok River during November 2010 until July 2011   80 
4.21 Cr concentrations in water of three sampling stations of  
Balok River during November 2010 until July 2012   81 
4.22 Mn concentrations in sediment of three sampling stations of  
Balok River during November 2010 until July 2011   82 
4.23 Mn concentrations in water of three sampling stations of  
Balok River during November 2010 until July 2012   83 
 
  
4.24 Fe concentrations in sediment of three sampling stations of  
Balok River during November 2010 until July 2011   84 
4.25 Fe concentrations in water of three sampling stations of  
Balok River during November 2010 until July 2012   85 
4.26 Ni concentrations in sediment of three sampling stations of  
Balok River during November 2010 until July 2011   86 
4.27 Ni concentrations in water of three sampling stations of  
Balok River during November 2010 until July 2012   87 
4.28 Cu concentrations in sediment of three sampling stations of  
Balok River during November 2010 until July 2011   88 
4.29 Cu concentrations in water of three sampling stations of  
Balok River during November 2010 until July 2012   89 
4.30 Zn concentrations in sediment of three sampling stations of  
Balok River during November 2010 until July 2011   90 
4.31 Zn concentrations in water of three sampling stations of  
Balok River during November 2010 until July 2012   91 
4.33 As concentrations in sediment of three sampling stations of  
Balok River during November 2010 until July 2011   92 
4.34 As concentrations in water of three sampling stations of  
Balok River during November 2010 until July 2012   93 
4.35 Cd concentrations in sediment of three sampling stations of  
Balok River during November 2010 until July 2011    94 
4.36 Cd concentrations in water of three sampling stations of  
Balok River during November 2010 until July 2012   95 
4.37 Pb concentrations in sediment of three sampling stations of  
Balok River during November 2010 until July 2011   96 
4.38 Pb concentrations in water of three sampling stations of  
Balok River during November 2010 until July 2012   97 
4.39 Plot of loading PCA location 1 sediment in Balok River  113 
4.40 Plot of loading PCA location 1 water in Balok River  115 
4.41 Plot of loading PCA location 2 sediment in Balok River  117 
4.42 Plot of loading PCA location 2 water in Balok River  119 
4.43 Plot of loading PCA location 3 sediment in Balok River  121 
  
4.44 Plot of loading PCA location 3 water in Balok River  123 
4.45 Enrichment Factor (EF) in sediment sites of location Balok River 126 
4.46 Contamination Factor sediment of Balok River   128 
       4.47 Comparison of Sediment Pollution Load Indices  
of examined streams       130 
      4.48 Contamination factor in water sampling sites of Balok River 130 
4.49 The average chemical oxigent demand values for 3 sampling 
 point along of the Tunggak River     132 
4.50 The average biological oxigent demand values for 3 sampling  
point along of the Tunggak River     133 
4.51 The average dissolved oxygen values for 3 sampling point  
along of the Tunggak River      134 
       4.52 The average Amoniac Nitrogen values for 3 sampling point  
along of the Tunggak River      135 
4.53 The average Suspended Solid values for 3 sampling point  
along of the Tunggak River      136 
4.54 The average pH values for 3 sampling point  
along of the Tunggak River      137 
4.55 Water Quality Index of sampling site of Balok River performace 138 
4.56 Average aluminum values for 3 sampling points  
of the Tunggak River systems     139 
4.57 Average Chromium values for 3 sampling points  
of the Tunggak River systems     140 
4.58 Average Manganese values for 3 sampling points  
of the Tunggak River systems     141 
4.59 Average Chromium values for 3 sampling points  
of the Tunggak River systems     142 
4.60 Average Nickel values for 3 sampling points  
of the Tunggak River systems     143 
4.61 Average Copper values for 3 sampling points  
of the Tunggak River systems     144 
4.62 Average Chromium values for 3 sampling points  
of the Tunggak River systems     145 
  
4.63 Average Zinc values for 3 sampling points  
of the Balok River systems      146 
4.63 Average Arsenic values for 3 sampling points  
of the Balok River systems      146 
4.64 Average Cadmium values for 3 sampling points  
of the Balok River systems      147 
4.65 Average Plumbum values for 3 sampling points  
of the Balok River systems      148 
      4.66 Al concentrations in sediment of three sampling stations of  
Tunggak River during November 2010 until July 2011  152 
4.67 Al concentrations in water of three sampling stations of  
Tunggak River during November 2010 until July 2011  153 
4.68 Cr concentrations in sediment of three sampling stations of  
Tunggak River during November 2010 until July 2011  154 
4.69 Cr concentrations in water of three sampling stations of  
Tunggak River during November 2010 until July 2011  155 
4.70 Mn concentrations in sediment of three sampling stations of  
Tunggak River during November 2010 until July 2011  156 
4.71 Mn concentrations in water of three sampling stations of  
Tunggak River during November 2010 until July 2011  157 
4.72 Fe concentrations in sediment of three sampling stations of  
Tunggak River during November 2010 until July 2011  158 
4.73 Fe concentrations in water of three sampling stations of  
Tunggak River during November 2010 until July 2011  159 
4.74 Ni concentrations in sediment of three sampling stations of  
Tunggak River during November 2010 until July 2011  160 
4.75 Ni concentrations in water of three sampling stations of  
Tunggak River during November 2010 until July 2011  161 
4.76 Cu concentrations in sediment of three sampling stations of  
Tunggak River during November 2010 until July 2011  162 
4.77 Cu concentrations in water of three sampling stations of  
Tunggak River during November 2010 until July 2011  163 
 
  
4.78 Zn concentrations in sediment of three sampling stations of  
Tunggak River during November 2010 until July 2011  164 
4.79 Zn concentrations in water of three sampling stations of  
Tunggak River during November 2010 until July 2011  165 
4.80 As concentrations in sediment of three sampling stations of  
Tunggak River during November 2010 until July 2011  166 
4.81 As concentrations in water of three sampling stations of  
Tunggak River during November 2010 until July 2011  167 
4.82 Cd concentrations in sediment of three sampling stations of  
Tunggak River during November 2010 until July 2011   168 
4.83 Cd concentrations in water of three sampling stations of  
Tunggak River during November 2010 until July 2011  169 
4.84 Pb concentrations in sediment of three sampling stations of  
Tunggak River during November 2010 until July 2011  170 
4.85 Pb concentrations in water of three sampling stations of  
Tunggak River during November 2010 until July 2011  171 
4.86 Plot of loading PCA location 1 sediment in Tunggak River  185 
4.87 Plot of loading PCA location 1 water in Tunggak River  187 
4.88 Plot of loading PCA location 2 sediment in Tunggak River  189 
4.89 Plot of loading PCA location 2 water in Tunggak River  191 
4.90 Plot of loading PCA location 3 sediment in Tunggak River  193 
4.91 Plot of loading PCA location 3 water in Tunggak River  195 
4.92 Enrichment Factor (EF) in sediment sites  
of location Tunggak River      197 
4.93 Contamination Factor sediment of Tunggak River   199 
       4.94 Comparison of Sediment Pollution Load Indices  
of examined streams       199 
      4.95 Contamination factor in water sampling sites of Tunggak River 201 
      4.96 Comparison of water Pollution Load Indices of examined streams 202 
 
 
 
 
  
 
 LIST OF SYMBOLS/ ABBREVIATIONS 
 
Al   = Aluminum 
As   = Arsenic 
AN  = Ammoniac Nitrogent 
Cd  = Cadmium 
Cr   = Chromium 
Cu  = Copper 
CF  = Contamination Factor 
Cd  = Contamination Degree 
E   = East 
EF  = Enrichment Factor 
Fe   = Ferrum 
FAA  = Flame Atomic Absorption 
GF-AAS  = Graphite Furnace Atomic Absorption 
GPS  = Global Position System 
ICP-AES   = Inductively Coupled Plasma Emission Spectrometer 
ICP-OES  = Inductively Coupled Plasma Optical Emission Spectrometer 
ICPMS  = Inductively Coupled Plasma Mass Spectroscopy 
INWQS     = Interim National Water Quality Standard 
Mn  = Mangan 
Ni   = Nickel 
N   = North 
Pb   = Blumbum/ Lead 
ppb  = part per billion 
ppm  = part per million (mg/L) 
PCA  = Principal Component Analysis 
USEPA  = United State Environmental Protection Agency 
WHO  = World Health Organization 
Zn   = Zinc 
 
 
 
  
 
 
 
 
 
CHAPTER 1 
 
INTRODUCTION 
 
1.1 Background 
 
 Water is a valuable source for the survival of human beings. Man has used water 
systems for numerous purposes such as drinking, irrigation, fisheries, industrial 
processes, transportation and waste domestic disposal. Increasing of urbanization, 
agricultural and industrial practice brings an adverse effect on both surface and ground 
water such as rapidly decreasing of the water quality (Vazquez et al., 2003), in term of 
its physical, chemical and biological characteristics. Therefore it can be deduced that 
water pollution is not any longer an emerging threat.  
In Malaysia, the rapid growth of development over the last three decades has 
overstressed the river system. Currently many rivers in Malaysia have been deteriorated 
due to aforementioned factors which have exerted immense pressures on water quality. 
In kuantan, Pahang, particularly in the area of Balok and Tunggak River, the industrial 
activities based on petrochemical and the expanding residential area have been 
identified as the contributor to the pollution occurred of a thousands of chemicals that 
pollute water quality, heavy metals are among the most dangerous groups due to their 
potential toxicity (Carreras et al., 2009).  
 
 This study was conducted to assess and monitoring the present of heavy-metal 
pollution in the Balok River and Tunggak River as an impact of activity in Gebeng 
industrial area and resident around the river. Gebeng is the small town and central 
industry in Kuantan, Pahang, Malaysia. This area is thriving on the hub of profitable 
activity where many multinational corporations in the petrochemical sector are based 
there. Waste waters from industry always discharge to the Balok River and Tunggak 
  
River through channels than flows toward to South China Sea. Resident of Balok 
Perdana has a huge sewer as domestic sewerage discharges to the Balok River. Tunggak 
River receives the effluent from a resident of Balok Makmur and Gebeng Industry area. 
For this reason, environmental monitoring has become recognized as being vitality 
important in detecting where insidious pollution occurring. Based on data from JPS that 
Balok River is about 10 km length and 5 km width, and Tunggak River is about 7 km 
length and 4.2 km width. 
 
1.2  Problem Statement 
  
 The presence of heavy metals in the river system has been long acknowledged to 
pose to the river water. They are accumulated in the sediment for a long time and 
therefore pose a further toxic to the whole aquatic environment in contact with water. 
Under certain condition, metals accumulated in sediments could be release to the 
overlying waters and thus been further taken up by the organisms (Sing et al., 2005). 
 
 Currently for Pahang state unfortunately the information about river water 
quality is scanty not fairly enough with the rapid industrialization activities. Thus, this 
study is carried out in order to analyses and monitors the occurrence of heavy metal 
contamination of water and sediment of Balok River and Tunggak River. 
 
  
1.3  Objective of the research  
 
The aim of this study is to provide and establish a baseline data of heavy metal 
occurrence for future references of Pahang rivers, particularly Balok River and Tunggak 
River, the rivers which are located at Gebeng area and receives the discharges from the 
industrial activities as well as from the community activities such as from Kampung 
Balok. The objective of this study can be summarized as the following: 
1. To determination the concentration of heavy-metal in water and sediment at 
Balok River and Tunggak River following the discharge from the industry and 
residential activities. 
 
  
2. To compare the concentration of heavy metals obtained in this study to the 
Interim National Water Quality Standard (INWQS) for Malaysia. 
3. To study the distribution of heavy metals between water and sediment by using 
ANOVA. 
4. To identify the sources of pollution by using Principal Component Analysis 
(PCA), Enrichment Factor (EF), Contamination Factor (CF) and Pollution Load 
Index (PLI).  
.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
  
 
CHAPTER 2 
 
LITERATUR REVIEW 
 
2.1  Heavy Metal 
 
Metals are natural constituents of rocks and soils and after the environment as a 
consequence of weathering and erosion (Forstner, 1989). They are often characterized and 
distinguished from nonmetals by their physical properties, the ability to conduct heat, and 
its electrical resistance that is directly proportional to temperature, malleability, ductility 
and even luster (Sherameti and Varma, 2010; Housecroft and Sharpe,  2008; Muller, 
2007). It has long been known that, in the right concentrations. Many metals are 
essential to life and ecosystems (Morgan and Stumm, 1964; Butt et al., 1964; Yunice et 
al., 1968; Salanki et al., 1992), however chronic exposures to metals can lead to severe 
environmental and health effects (Handovsky, 1926; Lamb, 1964; Wahlberg, 1965; 
Hecker et al., 1974; Nriagu, 1988). In general, main metal threats are normally 
associated with heavy metals such as lead, arsenic, cadmium and plumbum. Unlike 
many organic pollutants, which eventually degrade to carbon dioxide and water, heavy 
metals will tend to accumulate in the environment, particularly in lake, arsenic, or 
marine sediments (Long et al., 1995).  As heavy metals are believed to connect with 
environmental deterioration and quality of human life, therefore an increasing number of 
countries have signed treaties to monitor and reduce heavy metal pollution (OECD, 1996) in the 
environment. 
 
The presence of increasing levels of metals in the environment is causing serious 
concern in public owing to the toxicity shown by the majority of them (Forster and 
Wase, 1997; Ledin, 2000), most of them have toxic effects on living organisms even at 
low concentrations and persistence in the environment (MacFarlane and Burcherr, 2000; 
Carreras, 2009; Sakan et al., 2009). In general heavy metals are emitted into the 
